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A SURVEY OF THE Lp REGULARITY OF THE BERGMAN
PROJECTION
YUNUS E. ZEYTUNCU
Abstract. Although the Bergman projection operator BΩ is defined on L
2(Ω),
its behavior on other Lp(Ω) spaces for p 6= 2 is an active research area. We
survey some of the recent results on Lp estimates on the Bergman projection.
1. Introduction
Let Ω be a bounded domain in Cn and let L2(Ω) denote the space of square-
integrable functions on Ω with respect to the Lebesgue measure (denoted by dV )
on Cn. L2(Ω) is a Hilbert space with the inner product
〈f, g〉 =
∫
Ω
fgdV,
and the norm
‖f‖2 =
∫
Ω
|f |2dV.
The subspace of holomorphic functions in L2(Ω), the Bergman space, is denoted
by A2(Ω). If K is a compact subset of Ω then there exists a constant CK such that
for all f ∈ A2(Ω)
sup
z∈K
|f(z)| ≤ CK
∫
Ω
|f |2dV.
This so-called Bergman inequality is a consequence of the Cauchy integral for-
mula. It follows from this inequality that A2(Ω) is a closed subspace of L2(Ω), and
therefore an orthogonal projection operator exists from L2(Ω) onto A2(Ω). This
projection operator is the Bergman projection BΩ on Ω. Furthermore, by the Riesz
representation theorem one concludes that BΩ is an integral operator, that is
BΩ(f)(z) =
∫
Ω
B(z, w)f(w)dV,
for f ∈ L2(Ω) where the kernel B(z, w) is called the Bergman kernel. If {en(z)}∞n=0
is an orthonormal basis for A2(Ω) then
B(z, w) =
∞∑
n=0
en(z)en(w).
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This representation shows that B(z, w) = B(w, z) for z, w ∈ Ω. BΩ is a linear
operator by definition, and it is self-adjoint since it is an orthogonal projection. See
also [Kra06, JP08, Kra13] for further definitions and basic properties.
Although defined between L2-spaces, the study of mapping properties of BΩ on
other spaces is an active research area. In particular, the behavior of BΩ on Sobolev
spaces W k,p(Ω), Lp(Ω) spaces for p 6= 2, and similar spaces defined by weights
different than the Lebesgue measure, are studied in the literature: see [Zey13] and
the references therein. The main reason for such investigations is the connection
between the mapping properties of BΩ and the geometric properties of the domain
Ω. A small change in the geometry of the domain can result in significant changes
in the mapping properties. For example, on the generalizations of Hartogs triangle
a minor change in the definition of the domain results in a major change in the Lp
boundedness range of BΩ, see Section 3 and [EM17, EM16]. Similarly, on worm
domain the winding of the domain relates to the Lp-Sobolev boundedness range
of BΩ, see [BS99, BS¸12]. Furthermore, there are many necessary and sufficient
geometric conditions in the literature that relate to the estimates on BΩ. However,
some simple cases still remain open. In particular, it is not yet known on a smooth
bounded pseudoconvex domain whether a finite type assumption is sufficient for Lp
regularity, see the list of similar open problems in the last section.
Before we focus on the Lp regularity of BΩ, we highlight an analogous (and more
complete) study on Sobolev spaces. Indeed, the behavior of BΩ on Sobolev spaces
(especially L2-Sobolev spaces W k(Ω)) is an interesting section of the regularity
studies. One reason for this is that the Sobolev regularity of BΩ is closely related
to the Sobolev regularity of the ∂-Neumann operator N . Indeed, the Kohn formula
(see [Koh84]) gives the following representation
BΩ(f) = f − ∂∗N∂f.
for any f ∈ L2(Ω). We refer to [BS99] for the definitions of the operators above and
a comprehensive account of Sobolev regularity. We only highlight one important
aspect here. If BΩ maps the Sobolev space W
s(Ω) onto itself for all s > 0 we say
that BΩ is exactly regular. If BΩ maps C
∞(D) to itself we say that BΩ is globally
regular (or satisfies Condition-R). On a smooth bounded domain Ω, exact regularity
implies global regularity by the Sobolev embedding theorem. Furthermore, exact
regularity turns out to be a sufficient condition for the smooth extension of biholo-
morphisms. Indeed, it was shown in [Bel81] (see also [BL80] for a precursor) that
if F is a biholomorphism between two bounded domains with smooth boundary
F : Ω1 → Ω2
and if the Bergman projection of one of the domains is globally regular then F
extends to a diffeomorphism between the closures of these two domains. An earlier
version of this result on strongly pseudoconvex domains was obtained by Fefferman
in [Fef74]. This extension is particularly important in the investigation of the class
of biholomorphically equivalent domains in Cn. We again refer the reader to [BS99]
for the details.
Now we shift our attention back to the Lp regularity of BΩ. The main question
is to determine the values of p such that BΩ extends to a bounded operator on
Lp(Ω). By definition BΩ maps L
2(Ω) into itself. If BΩ maps L
p(Ω) into itself
for some p > 2 then it is also bounded on Lq(Ω) for the conjugate exponent q:
1
p +
1
q = 1 by the duality of L
p(Ω)-spaces and self-adjointness of BΩ. Furthermore,
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BΩ is linear and by interpolation one can also conclude that if BΩ is bounded on
Lp(Ω) onto itself for some p > 2 then it is also bounded on Lr(Ω) for all q ≤ r ≤ p.
In other words, for any given domain Ω, we can associate an interval IΩ that at
least contains {2} and contained in (1,∞) such that BΩ is bounded on Lp(Ω) if
and only if p ∈ IΩ. Calculating IΩ for a specific Ω is non-trivial. It can be as
small as the singleton {2} (see Theorem 3.1), as big as the full interval (1,∞) (see
Section 2), and it can be any conjugate symmetric sub-interval that contains 2 (see
Theorem (3.3)).
We note that the boundedness of BΩ from L
p(Ω) to Lp(Ω) is the best estimate
one can hope in this context, since BΩ equals the identity on the space of holo-
morphic functions in Lp(Ω). We also note that on domains (with smooth enough
boundary) where exact regularity holds, by using the Sobolev embedding theorem,
one can obtain a crude estimate of the form: for any p > 2, BΩ maps L
p(Ω) to
Lp−δ(Ω) for some δ > 0 that depends on p and the dimension of the ambient space.
We refer to [HZ19] for further discussion on how to calculate a small δ when p is
sufficiently close to 2.
In the rest of this note, we go over some recent results in the literature on this
problem. We also list some open problems (see the last section). In our discussion
here we only consider the Lebesgue measure on Ω without any extra weight factor.
The study of weighted (or unweighted) Bergman projection on weighted Lp or
Sobolev spaces is also an active direction. We leave a survey of those results to
another work.
2. Boundedness
The earliest Lp estimates on the Bergman projection were obtained on the unit
disc D in C1, see [ZJ64] for the original proof, and see [Zhu90] for a detailed account
on the unit disc. In this case the Bergman kernel is explicitly known. Indeed, the
set of monomials
{√
n+1
pi z
n
}∞
n=0
is an orthonormal basis for A2(D) and
BD(z, w) =
∞∑
n=0
n+ 1
pi
znwn =
1
pi
1
(1− zw)2 .
Using this representation and Schur’s lemma, one can show that (1,∞) ⊂ ID.
Furthermore, one can also show explicitly that BD is unbounded on L
1(D) and
L∞(D). In other words, one concludes that ID = (1,∞). See also [ZZ08] for a
detailed account with proofs–not only for n = 1, but also for the unit ball in Cn
and n > 1.
There are many other planar domains Ω ⊂ C on which the Bergman projection
is bounded on Lp(Ω) for all p ∈ (1,∞). In many cases of simply connected domains
one can prove such a result by using the Riemann mapping theorem. Indeed, if two
domains are conformally equivalent then the Bergman kernels can be related by
the conformal map. If F : D1 → D2 is a conformal map then the Bergman kernels
are related by
(2.1) BD1(z, w) = F
′(z)BD2(F (z), F (w))F
′(w).
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In particular, if the second domain D2 is the unit disc D then the Bergman kernel
of D1 is given by
(2.2) BD1(z, w) =
F ′(z)F ′(w)
pi(1 − F (z)F (w))2 .
Furthermore, (2.1) implies the following relation between the operators (we denote
the inverse of the conformal map F by G), for φ ∈ Lp(D1)
G′(w)BD1 (φ)(G(w)) = BD(φ(G)G
′)(w).
Using this representation, one can conclude that the Bergman projection BD1 is
bounded on Lp(D1) for some p ≥ 1 if and only if the Bergman projection BD on the
unit disc is bounded on the weighted space Lp(D, |G′|2−p). Indeed, for φ ∈ Lp(D1),
we have φ(G)G′ ∈ Lp(D, |G′|2−p) with the equality
||φ||pLp(D1) = ‖φ(G)G′‖
p
Lp(D,|G′|2−p)
and
‖BD1(φ)‖p =
∫
D1
|BD1φ(z)|pdA(z)
=
∫
D
|BD1φ(G(w))|p|G′|2dA(w)
=
∫
D
|G′(w)BD1φ(G(w))|p|G′|2−pdA(w)
= ‖BD (φ(G)G′) ‖p|G′|2−p
On the other hand, the following was observed in [BB78, LS04].
Theorem 2.1. The Bergman projection BD on the unit disc is bounded on a
weighted space Lp(D, ω) for some weight ω if and only if ω ∈ A+p .
The class A+p is a version of the Muckenhoupt class [Muc72] for the Riesz trans-
form on the real line. A weight σ on D is a non-negative locally continuous function.
We say σ is in A+p , if there exists C > 0 such that for any Carleson tent Tz for
z ∈ D
(2.3)
1
|D ∩ Tz|p
(∫
D∩Tz
σdA
)(∫
D∩Tz
σ
1
1−p dA
)p−1
≤ C
where |D ∩ Tz| denotes the Lebesgue measure of the set. A Carleson tent Tz for
z 6= 0 is defined by
Tz =
{
w ∈ D :
∣∣∣∣1− w z|z|
∣∣∣∣ < 1− |z|
}
and when z = 0 the tent is the whole D. Carleson tents can be also defined by using
the Bergman metric. The Bergman kernel satisfies nice off-diagonal estimates on
these tents. Therefore, the mapping properties can be controlled by controlling the
weights on these sets. The estimates (2.3) are sometimes referred as the Bekolle´-
Bonami estimates. We also refer to [HWW20b, HWW20a] for a generalization on
pseudoconvex domains.
This chain of equivalences implies that smoothness of the conformal map F
on the closure of the domains determines the regularity of the Bergman kernel and
therefore also the estimates on the projection operator. In particular, if F : D1 → D
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is the Riemann mapping function with the inverse map denoted by G, then the
Bergman projection BD1 is bounded on L
p(D1) for some p > 2 if and only if
|G′|2−p ∈ A+p . In this sense, Lp estimates on planar domains overlap with geometric
function theory and the regularity of the conformal maps. These connections lead
to the following general non-degeneracy statement in [Hed02] on planar domains.
Theorem 2.2. [Hed02, Theorem 3.1] If Ω is a proper simply connected planar
domain, then there exists p0 > 2 such that (q0, p0) ⊂ IΩ. In other words, the
Bergman projection is bounded on some Lp spaces for p 6= 2.
The proof follows from the observation that for any such Ω the Riemann mapping
function to a small power belongs to some A+p class for p close enough to 2. We
will see in the next section that such low-level Lp regularity is a phenomenon on
planar domains, and it fails in several variables.
In higher dimensions, if the domain has nice geometric structure then the Lp
mapping interval again will be as big as (1,∞). Indeed, Forelli and Rudin [FR75]
extended the planar results to the ball and polydisc in higher dimensions. In the
direction of more general domains with less symmetry, Phong and Stein [PS77],
showed that if Ω is a bounded, smooth, strongly pseudoconvex domain then IΩ =
(1,∞). Their approach relies on kernel estimates and the general theory of singular
integral operators. This approach later resulted in similar conclusions on more
general domains. More specifically, if Ω satisfies one of the geometric conditions:
• smooth, finite type in C2 [McN89],
• smooth, convex, finite type in Cn [MS94],
• smooth, decoupled in Cn [McN91],
• smooth, finite type, and diagonalizable Levi form in Cn [CD06]
• C2-smooth, strictly pseudoconvex [LS12],
then IΩ = (1,∞). In these results, one of the key ingredients is the off-diagonal
pointwise estimates on the Bergman kernel in terms of the distance to the boundary.
Once these technical estimates are obtained then other tools of harmonic analysis
are employed. We also refer to [McN94] for an account of these results from the
theory of singular integral operators. We want to point out that although the results
above cover a large family of domains, it is still not known yet on a smooth bounded
pseudoconvex domain if finite type assumption is sufficient for Lp regularity, see
the open problem #3 in the last section.
3. Unboundedness
In most of the cases in the previous section the Lp mapping interval was (1,∞).
There are examples of domains on which this interval is strictly smaller. Such
examples can be created in the plane by taking advantage of the Riemann map-
ping theorem. As we mentioned above the Lp regularity interval depends on the
smoothness of the Riemann mapping function on the closure. This approach re-
quires manipulating the Riemann mapping function by making the domain more
singular. As indicated above by Hedenmalm’s theorem, there is a limit how much
one can shrink IΩ on planar domains.
On the other hand, one can find domains in higher dimensions on which the Lp
boundedness interval is just {2}, the smallest possible. First such example appears
in [Bar84] where the domain is smooth but not pseudoconvex. In order to define
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this domain, one needs to start with the following smooth functions r1, r2, and c
on [1, 6] with the properties
r1(x) =


3−√x− 1 near x = 1, and decreasing on [1, 2]
1 on [2, 5] and increasing on [5, 6]
3−√6− x near x = 6;
r2(x) =


3 +
√
x− 1 near x = 1, and increasing on [1, 2]
4 on [2, 5] and decreasing on [5, 6]
3 +
√
6− x near x = 6;
c(x) =


0 on [1, 2], and decreasing on [2, 3]
exp
(−|x− 3|−1/2)− 1 near x = 3 and increasing on [3, 4]
− exp (−|x− 4|−1/2)+ 1 near x = 4 and decreasing on [4, 5]
0 on [5, 6].
Now, let
Ω =
{
(z1, z2) ∈ C2 : 1 < |z2| < 6, |z1| < r2(|z2|), |z1 − c(|z2|)| > r1(|z2|)
}
.
It is a smooth domain where the fibers are annuli with moving centers. On Ω, one
can show that for any p > 2 there exists a compactly supported smooth function
φp on Ω such that BΩ(φp) 6∈ Lp(Ω).
Later, in [Zey13] another example is presented, that is pseudoconvex but not
smooth. Indeed, for any A ≥ 0, B > 0, and α > 0, let
ΩA,B,α =
{
(z1, z2) ∈ C2 : |z1| < 1, |z2| < (1− |z1|2)A exp
( −B
(1− |z1|2)α
)}
.
Theorem 3.1. The Bergman projection BΩA,B,α is bounded on L
p(ΩA,B,α) if and
only if p = 2.
The proof uses the orthogonal decomposition ofA2(ΩA,B,α) into weighted Bergman
spaces on the unit disc. Then one can show that the corresponding weighted
Bergman projections are bounded on the corresponding weighted Lp spaces if and
only if p = 2. Similar weighted results appear in [Dos04, Zey13]. We note that in
both examples the exponential decay plays an essential role in the proofs.
Similar non-smooth but pseudoconvex examples later appeared in [EM16, EM17].
These domains are quite similar to the Hartogs triangle in C2. However, this small
change in the definition has resulted in drastic changes in the Lp mapping proper-
ties. Indeed, for an irrational γ > 0, let
Ωγ =
{
(z1, z2) ∈ C2 : 0 < |z1| < 1, |z2| < |z1|γ
}
.
It turns out that on these irrational Hartogs triangles IΩγ = {2}. We note that on
the standard Hartogs triangle (that is γ = 1 in the definition above), the bounded-
ness interval is exactly (43 , 4), see [CZ16].
Both ΩA,B,α and Ωγ are Reinhardt domains and subsets of the monomials {zα}
for multi-indices α ∈ Z2 form an orthogonal bases for the corresponding Bergman
spaces. Both results above use these explicit basis elements in the proofs. For a
continuous function h : [0, 1] → [0,∞) such that h(0) = 0, the Reinhardt domain
Ωh defined by
(3.1) Ωh =
{
(z1, z2) ∈ C2 : 0 < |z1| < 1, |z2| < h(|z1|)
}
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is a natural generalization of the domains above. One can investigate the Lp map-
ping properties of the Bergman projection on these domains and try to relate IΩh
to the properties of h. Although one may conjecture that the order of vanishing of
h(t) as t→ 0+ is the key property, the irrational Hartogs triangles above indicate
that not only the order of vanishing but the algebraic properties of h(t) at t = 0
might be relevant in such an investigation.
It is not yet clear if such a degeneracy (that is IΩ = {2}) can hold on smooth
pseudoconvex domains. In other words, is it true that for any bounded smooth
pseudoconvex domain Ω, there exists p0 > 2 such that BΩ is bounded on L
p(Ω) for
any q0 ≤ p ≤ p0? We note that for L2-Sobolev estimates such a low-level regularity
holds. Indeed, for any given smooth bounded pseudoconvex domain Ω there exists
ε > 0 (depends on Ω) such that BΩ is bounded on W
δ(Ω) for all 0 ≤ δ < ε, see
[Koh84]. In fact, this low-level Sobolev regularity is not only true for the Bergman
projection, but also for the ∂-Neumann operator N and the canonical solution
operators ∂N and ∂
∗
N .
In this direction, in [HZ19] the authors presented some low-level Lp regularity
on a class of domains for the canonical operators (but not the Bergman projection).
Theorem 3.2. Let Ω ⊂ Cn be a bounded domain that is locally a transverse inter-
section of smooth finite type domains. Then there exists some p0 > 2 such that the
∂-Neumann operators
Nq :L
p/(p−1)
(0,q) (Ω)→ Lp(0,q)(Ω)
∂
∗
Nq :L
2
(0,q)(Ω)→ Lp(0,q−1)(Ω)
∂Nq−1 :L
2
(0,q−1)(Ω)→ Lp(0,q)(Ω)
are continuous for all 1 ≤ q ≤ n and 2 < p < p0.
The proof is a combination of estimates with good weights, in particular gain
in terms of weights due to subellipticity of N on such domains, and manipulating
between weighted Sobolev spaces and unweighted Lp spaces.
We also note more examples of domains where the Bergman projection or the
canonical operators exhibit unboundedness were studied in [BS¸12, KP08, KPS16].
In a sense, the degenerate examples above are due to unboundedness. Since the
operator is bounded on L2(Ω) by definition, in order to prove something like above
one needs to find appropriate test functions and explicitly compute the projections
of these functions. On the other hand, when the Lp boundedness range is strictly
between {2} and (1,∞) then one needs argue in two steps: first one needs to prove
unboundedness of the operator for certain values of p, and then prove boundedness
of it for certain other values of p. The latter usually requires off-diagonal estimates
on the Bergman kernel. In this direction, the following was obtained in [Zey13].
Theorem 3.3. For any given p0 > 2, let
Ωp0 =
{
(z1, z2) ∈ C2 : |z1| < 1, |z2| < |z1 − 1|
2
p0−2
}
.
Then the Lp regularity interval IΩp0 is exactly this pre-determined interval (q0, p0),
where 1q0 +
1
p0
= 1.
These domains are Hartogs domains, and one can express the Bergman space
A2(Ωp0) as an orthogonal sum of weighted Bergman spaces on the unit disc. Indeed,
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it turns out that A2(Ωp0) is isometrically isomorphic to
∞⊕
m=0
A2(D, |z − 1|
4(m+1)
p0−2 ).
One can compute the weighted Bergman kernels of A2(D, |z − 1| 4(m+1)p0−2 ) since the
weight is the norm square of a holomorphic function on D.
Proposition 3.4. Let g(z) be a non-vanishing holomorphic function on D. The
weighted Bergman kernel Bg(z, w) of the space A
2(D, |g|2) is given by
Bg(z, w) =
1
g(z)
BD(z, w)
1
g(w)
,
where BD(z, w) is the ordinary (unweighted) Bergman kernel on the unit disc.
Indeed, since 1g(z) is holomorphic on the disc the set { z
n
g(z)}∞n=0 forms an orthonor-
mal basis for the weighted Bergman space A2(D, |g|2). Using this representation and
by keeping track of the A+p -class membership of the weight (see Theorem 2.1) one
can calculate the Lp boundedness interval of the weighted Bergman projections of
A2(D, |z−1| 4(m+1)p0−2 ). It turns out that if one of these weighted Bergman projections
is unbounded on the unit disc then the operator on the Hartogs domains fails to be
bounded. On the other hand, one can prove that if all the weighted projections on
the disc are bounded on the respective weighted spaces Lp(D, |z−1|
4(m+1)
p0−2 ) for some
p, then the operatorBΩp0 is bounded on L
p(Ωp0) for the same value of p. These two
arguments lead to a proof of Theorem 2.1. In other words, any conjugate symmetric
sub-interval of (1,∞) can be the Lp boundedness range of a pseudoconvex domain.
Later similar examples appeared in [CZ16, EM16, EM17, Che17, Huo18, Beb17]
where the Lp regularity of the domain is exactly calculated.
We note another common theme among these results. Except the degenerate
case where IΩ = {2}, IΩ is always an open interval in the examples mentioned
above. This observation leads to the question of whether or not there is an openness
statement in this context. In other words, is it true that IΩ is always open except
for the degenerate case IΩ = {2}? One way of approaching such an investigation
is actually proving that if BΩ is bounded on some L
p(Ω) for some p > 2 then it is
also bounded on Lr for some r > p > 2. Such an openness statement holds in the
context of Ap-weights as studied in [Muc72]. Indeed, if a weight ω on the unit disc
is in Ap-class for some p > 2 then it is also in some Ar-class for some r > p.
4. Related Operators
In addition to the Bergman projection, one can study the similar Lp mapping
properties for the related operators such as various solution operators for ∂, Szego¨
projection and Toeplitz operators. In this section, we list a few key references for
the reader.
• For the Szego¨ projection, statements similar to Theorems 3.1 and 3.3 ap-
peared in [MZ15b, MZ15a]. Furthermore, a study of Lp mapping properties
on worm domains appeared in [MP17].
• The literature on Lp estimates for solution operators is quite rich because
many different solution operators exist. [FS91], [LM02], and [Ker71] serve
as starting points. More recent results can be seen in [FLZ11, CM20].
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• For a bounded function ϕ on a domain Ω ⊂ Cn, one can define the Bergman
Toeplitz operator Tϕ as
Tϕ : A
2(Ω)→ A2(Ω),
Tϕ(g) = BΩ(ϕg).
The mapping properties of Tϕ depend on the symbol ϕ and the operator
BΩ. [CˇM06], [ARS12], and [KLT19] contain the most recent L
p estimates
on Toeplitz operators.
5. Open Problems
We mentioned a few open problems and possible directions of research in the
text above. We list those and a few other specific problems in this section.
(1) The classification of the weights that satisfy the Bekolle´-Bonami estimates
(2.3) on general domains is an open problem: classify weights σ on general
domains Ω such that the ordinary Bergman projection BΩ extends to be a
bounded operator on the weighted space Lp(Ω, σ) for p > 1. Furthermore,
relate the operator norm of BΩ to the weight σ. Recently, [HWW20b]
and [HWW20a] answered this question on some pseudoconvex domains
on which sharp off-diagonal estimates on the Bergman kernel are known.
They use a careful construction of dyadic decomposition on these domains
by generalizing Carleson tents on the unit disc.
(2) Is it true that on any smooth pseudoconvex bounded domain Ω ⊂ Cn, there
exists ε > 0 (depends on Ω) such that (2+ε1+ε , 2 + ε) ⊂ IΩ? In other words,
is there a smooth pseudoconvex domain such that the Lp mapping interval
IΩ degenerates to {2}?
(3) Characterize the smooth pseudoconvex domains Ω for which IΩ = (1,∞).
In particular, is it true for all bounded pseudoconvex finite type domains
in Cn (n > 2) the Lp boundedness range is (1,∞)?
(4) For a given domain Ω, except the degenerate case of {2}, can the Lp bound-
edness interval IΩ be a closed interval?
(5) Let Ω be a complete Reinhardt domain. Is the Lp mapping range IΩ the full
interval (1,∞)? Using symmetry, Boas-Straube proved that BΩ is exactly
regular [BS99]. See also [Huo18].
(6) Most of the boundedness Lp estimates on BΩ stem from precise kernel
estimates on BΩ(z, w). Is it possible to deduce the L
p boundedness esti-
mates on BΩ by using similar estimates on the canonical operators as in
Theorem 3.2? In particular, can one extract any Lp estimates on smooth
pseudoconvex domains on which the ∂-Neumann operator is compact?
(7) For the domains Ωh (defined as in (3.1)), investigate the relation between
the Lp mapping properties of BΩh and the properties of h(t). Is it true
that IΩh is controlled by the behavior of h(t) around t = 0?
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